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(54) THERMOPLASTIC ELASTOMER COMPOSITION 



(57) The thermoplastic elastomer composition in the 
present invention comprises an ethylene-ct-olefinic co- 
polymeric rubber (A) whose intrinsic viscosity ft] deter- 
mined at 135°C in decalin solvent is 3.5 to 6.8 dl/g, a 
mineral oil-based softener (B), an o-olefinic crystalline 
polymer (C) whose degree of crystallinity is 50% or high- 
er and an a-olefinic amorphous polymer (D) whose melt 
viscosity at 190°C is 50,000 cPs or less and whose de- 



gree of crystallinity is less than 50%, and at least a part 
of a mixture containing 20 to 63% by mass of the (A), 
35 to 78% by mass of the (B), 1 to 12% by mass of the 

(C) and 1 to 12% by mass of the (D), based on 100% 
by mass of the total of the components (A), (B), (C) and 

(D) , is crosslinked. 
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Description * 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a thermoplastic elastomer composition whose rubber products give a vul- 
canized rubber-like flexibility and rubbery nature as well as low hardness and low compression set and which is excellent 
in terms of an injection fusibility. 

BACKGROUND ART 

10 

[0002] While a gasket having a sophisticated shape such as an automobile gasket and a building gasket can be 
made using a vulcanized rubber, its manufacturing process is extremely complicated since a linear part and a curved 
part to be attached thereto should be produced separately. Accordingly, it becomes a trend that a curved part, whose 
process tends to be complicated especially, is produced using a thermoplastic elastomer, which allows a labor-saving 

15 process and an improved producibility to be achieved, as a substitute of a vulcanized rubber. Among such elastomers, 
an olefinic thermoplastic elastomer has a combination of several excellent properties such as (1 ) excellent heat resist- 
ance, ozone resistance and weather resistance, (2) a vulcanized rubber-like nature, (3) a moldability almost comparable 
with that of an olefinic thermoplastic resin such as polyethylenes and polypropylenes, (4) no need of a secondary 
vulcanizing step required for a vulcanized rubber and (5) a recyclability and the like. Nevertheless, such olefinic ther- 

20 moplastic elastomer involves an extreme difficulty in obtaining a sufficient adhesion with a vulcanized rubber or a non- 
vulcanized rubber. 

[0003] Among the elastomers, one known as a flexible olefinic thermoplastic elastomer employed preferably in the 
curved part of the gasket employed in an automobile window seal, door seal, trunk seal and the like, and a gasket 
employed as a building material which should have a rubbery nature especially is one having a high ethylene -a-olefinic 
25 copolymeric rubber content. However, this elastomer has a poor fluidity upon melting and is difficult to be molded by 
an injection molding which is the most widely employed molding process. 

[0004] In addition, such elastomer is problematic also since it still possesses a resin-like nature and is hard when 
compared with a vulcanized rubber and thus is poor with regard to a rubbery texture or the like. On the other hand, a 
method for fusing molded articles of olefinic thermoplastic elastomers with each other is disclosed for example in 

30 Japanese Patent Publication No. Sho-61 -53933, Japanese Unexamined Patent Publication No. Sho-59-221347 and 
the like, but it still involves a problem which is experienced as a difficulty in achieving a sufficient adhesion especially 
when an article to be fused is a molded article made of an olefinic vulcanized rubber or the like. 
[0005] Also when a molded article which has an especially low hardness and a high flexibility such as an irregularly 
extruded article of a vulcanized foam rubber is employed as a linear part, it should be fused using a thermoplastic 

35 elastomer which has an ultimate rubbery nature in terms of a low hardness, a high flexibility and the like. 

[0006] This invention is intended to solve the problems described above and its objective is to provide a thermoplastic 
elastomer which has a low hardness, an excellent flexibility, a satisfactory rubbery nature, an excellent fluidity and 
injection fusibility upon molding, as well as an excellent strength of the adhesion both to an olefinic vulcanized rubber 
and an olefinic thermoplastic elastomer composition and also a high strength of adhesion especially to a vulcanized 

40 foam rubber. 

DISCLOSURE OF THE INVENTION 

[0007] The thermoplastic elastomer composition of the invention is comprising an ethylene a-olefinic copolymeric 
45 rubber (A) whose intrinsic viscosity fa] determined at 135°C in decalin solvent is 3.5 to 6.8 dl/g, a mineral oil-based 
softener (B), an a-olefinic crystalline polymer (C) whose degree of crystallinity is 50% or higher and an a-olefinic 
amorphous polymer (D) whose melt viscosity at 190°C is 50,000 cPs or less and whose degree of crystallinity is less 
than 50%, and at least a part of a mixture containing 20 to 78% by mass of the (A), 20 to 78% by mass of the (B), 1 
to 12% by mass of the (C) and 1 to 12% by mass of the (D), based on 100% by mass of the total of the (A), (B), (C) 
50 and (D), is crosslinked. 

[0008] The "ethylene-a-olefinic copolymeric rubber" described above (hereinafter referred to simply as "copolymeric 
rubber (A) n ) means a copolymeric rubber whose main constituent unit is ethylene and an a-olefin except ethylene. The 
copolymeric rubber preferably contains 90% by mole or more of ethylene and the a-olefin based on 100% by mole of 
the entire constituent units. The amount less than 90% by mole is not preferable since it leads to a reduction in the 
55 flexibility or the mechanical strength of a molded article made using the thermoplastic elastomer composition of the 
invention. 

[0009] The a-olefin described above constituting the copolymeric rubber described above may for example be an 
a-olefin having 3 to 12 carbon atoms such as propylene, 1-butene, 1-pentane, 3-methyl-1-butene, 1-hexene, 3-methyl- 



EP 1 195 404 A1 



1-peptene, 4-methyl-1-pentene, 3-ethyl-1-pentene ( 1-octene, 1-decene, 1-undecene (two or more of which may be 

employed in combination). Among those listed above, propylene and 1-butene are preferred. 

[0010] Other constituent unit may be a non-conjugated diene. Such non-conjugated diene may for example be 

1.4- pentadiene, 1,4-hexadiene, 1 ,5-hexadiene, 1,7-octadiene, 1,9-decadiene, 3,6-dimethyl-1, 7-octadiene, 4,5-dime- 
5 thyl-1,7-octadiene f 5-methyl-1,8-nonadiene, dicyclopentadiene, 5-ethylidene-2-norbomene, 5-vinyl-2-norbomene, 

2.5- norbornadiene, and the like, which may be employed alone or in combination of two or more. Among those listed 
above, dicyclopentadiene and 5-ethylidene-2-norbomene are preferred. 

[001 1] Thus, the copolymeric rubber (A) described above may preferably be used an ethylenea-olefin binary copol- 
ymer, an ethylene a-olefin non-conjugated diene ternary copolymer, a combination thereof and the like. 

10 [0012] The ethylene-a-olefin binary copolymer may for example be ethylene-propylene copolymer (hereinafter ab- 
breviated as EPM), ethylene- 1-butene copolymer (hereinafter abbreviated as EBM), ethylene-1-pentene copolymer, 
ethylene-3-methyl-1-butene copolymer, ethylene- 1-hexene copolymer, ethylene-3-methyM-pentene copolymer, ethyl- 
ene-4-methyl-1-pentene copolymer, ethylene-3-ethyl-1-pentene copolymer, ethylene- 1-octene copolymer, ethylene 
•1-decene copolymer, ethylene- 1-undecene copolymer and the like. Among those listed above, EPM and EBM are 

15 preferred. Any of these copolymers may be employed alone or in combination of two or more. 

[0013] When EPM and/or EBM is employed as the ethylene-a-olefin binary copolymer described above, ethylene 
content is preferably 50 to 95% by mole (more preferably 60 to 90% by mole) based on 100% by mole of the entire 
copolymers. 

[0014] The ethylene-a-olefin non-conjugated diene ternary copolymer described above is especially ethylene pro- 

20 pylene- dicyclopentadiene ternary copolymer, ethylene-propylene-5-ethylidene-2-norbornene ternary copolymer, eth- 
ylene- 1-butene- dicyclopentadiene ternary copolymer and ethyIene-1-butene-5-ethylidene-2-norbornene ternary co- 
polymer preferred. The ethylene content in such ternary copolymer is preferably 50 to 95% by mole (more preferably 
60 to 90% by mole) based on 100% by mole of the total of ethylene unit and propylene unit or 1-butene unit. The 
dicyclopentadiene or 5-ethylidene-2-norbomene content is preferably 3 to 10% by mole (more preferably 3 to 8% by 

25 mole) based on 100% by mole of the total of ethylene unit and propylene or 1-butene unit. 

[001 5] The ethylene contents in the binary copolymer and the ternary copolymer described above less than 50% by 
mole lead to a reduction in the crosslinking efficiency (especially when using an organic peroxide as a crosslinking 
agent), resulting in a difficulty in obtaining a satisfactory physical property intended. On the other hand, the ethylene 
contents exceeding 95% by mole lead to an undesirable reduction in the flexibility of the copolymeric rubber. 

30 [0016] In addition to the binary copolymer described above, the ternary copolymer described above and the like, a 
halogenated copolymer resulting from a replacement of a part of the hydrogen atoms possessed by each copolymer 
described above with halogen atoms such as chlorine and bromine atoms, as well as a graft copolymer of the binary 
copolymer, the ternary copolymer, the halogenated copolymer or the like described above obtained by graft-copolym- 
erizing using an unsaturated monomer such as vinyl chloride, vinyl acetate, (meth)acrylic acid, (meth)acrylic acid de- 

35 rivative [methyl (meth)acrylate, glycidyl (meth)acrylate, (meth)acrylamide and the like], maleic acid, maleic acid deriv- 
ative (maleic anhydride, maleimide, dimethyl maleate and the like), a conjugated diene (butadiene, isoprene, chloro- 
prene and the like) or the like, may be employed as the copolymeric rubber in the present invention. Any of these 
copolymers may be employed alone or in combination of two or more. 

[001 7] The copolymeric rubber described above can be produced by a low or medium pressure polymerization meth- 
40 od such as a method in which ethylene, an a-olefin and a non-conjugated diene are polymerized in the presence of a 
catalyst consisting of a Ziegler-Natta catalyst and a solvent containing a soluble vanadium compound and an organic 
aluminium compound optionally with a supply of hydrogen as a molecular weight modifier. Such polymerization may 
be performed also by a gas phase method (fluidized bed or agitating bed), a liquid phase method (slurry method or 
solution method). 

45 [0018] The soluble vanadium compound is preferably be a reaction product between at least one selected from the 
group consisting of VOCI 3 and VCI 4 with an alcohol. Such alcohol may for example be methanol, ethanol, n-propanol, 
isopropanol, n-butanol, sec-butanol, t-butanol, n-hexanol, n-octanol, 2-ethylhexanol, n-decanol, n-dodecanol and the 
like. Among these, an alcohol having 3 to 8 carbon atoms are preferred. 

[0019] The organic aluminium compound may for example be triethylaluminium, triisobutylaluminium, tri-n-hexyla- 
50 luminium, diethylaluminium monochloride, diisobutylaluminium monochloride, ethylaluminium sesquichloride, butyla- 
luminum sesquichloride, ethylaluminium dichloride, butylaluminium dichloride, a reaction product of trimethylaluminium 
and water, i.e., methyl aluminoxane and the like. Among these, ethylaluminium sesquichloride, butylaluminium ses- 
quichloride, a mixture of ethylaluminium sesquichloride and triisobutylaluminium and a mixture of triisobutylaluminium 
and butylaluminium sesquichloride are employed preferably. 
55 [0020] The solvent described above is preferably a hydrocarbon solvent, n-pentane, n-hexane, n-heptane, n-octane, 
isooctane, cyclohexane and the like are preferred particularly. Any of these solvents may be employed alone or in 
combination of two or more. 

[0021] The copolymeric rubber (A) described above has an intrinsic viscosity [r|] determined at 135°C in decalin 
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solvent ranging from 3.5 to 6.8 dl/g (more preferably 4.3 to 6.0 dl/g). The intrinsic viscosity less than 3.5 dl/g leads to 
a reduction in the elastic recovery, while one exceeding 6.8 dl/g leads to a undesirable reduction in the processability 
upon molding. The degree of crystallinity of the copolymeric rubber (A) described above when determined by an X-ray 
diffraction measurement is preferably 20% or less (more preferably 1 5% or less). The degree of crystallinity exceeding 

5 20% leads to an undesirable reduction in the flexibility of the copolymeric rubber. 

[0022] The iodine value of the copolymeric rubber (A) described above which is an ethylene-a-olefin-non-conjugated 
diene ternary copolymer is preferably 5 to 30, more preferably 7 to 20. The iodine value less than 5 may result in a 
reduction in the crosslinking density of a molded article made using the thermoplastic elastomer composition of the 
invention which leads to a poor mechanical property, while one exceeding 30 may result in an excessively high crosslink- 

10 ing density which leads to a poor mechanical property. 

[0023] The copolymeric rubber (A) may be the one that a vegetable oil (palm oil and the like), an ester of a fatty acid 
and a higher alcohol (phthalic acid diester, phosphoric acid triester and the like) and the like are contained in it. 
[0024] The "mineral oil-based softener (B) n described above may for example be a paraffin-based mineral oil, a 
naphthene-based mineral oil, an aromatic mineral oil and the like. Among those listed above, a paraffin-based mineral 

15 oil and/or a naphthene-based mineral oil is preferred. 

[0025] The "a-olefinic crystalline polymer" (hereinafter referred to simply as "crystalline polymer (C)") has an a-olefin 
as its main component. That is, the crystalline polymer (C) contains preferably 80% by mole or more of a-olefin, more 
preferably 90% by mole or more based on 100% by mole of the entire crystalline polymer (C). The content less than 
80% by mole may leads to an undesirable reduction in the degree of crystallinity and the melting point of the crystalline 

20 polymer (C). 

[0026] The a-olefin constituting the crystalline polymer (C) described above is preferably an a-olefin having 3 or 
more carbon atoms, more preferably an a-olefin having 3 to 12 carbon atoms, similarly to the copolymeric rubber (A) 
described above. 

[0027] The crystalline polymer (C) may be a homopolymer of the a-olefin described above or a copolymer of two or 
25 more a-olefins, or a copolymer with a monomer which is not an a-olefin. The crystalline polymer (C) may be a mixture 
of two or more of these polymers and/or copolymer to be employed. 

[0028] In the case the crystalline polymer (C) is a copolymer of the a-olefin with ethylene, the ethylene content is 
preferably 40% by mole or less (more preferably 20% by mole or less) based on 100% by mole of the entire of this 
copolymer. The content exceeding 40% by mole leads to an undesirable reduction in the degree of crystallinity and 

30 the melting point of the crystalline polymer (C). 

[0029] When the crystalline polymer (C) is a copolymer, the copolymer may be either of a random copolymer or a 
block copolymer. For the purpose of obtaining a desired degree of crystallinity, the total content of the constituent units 
except an a-olefin unit in a random copolymer is preferably 15% by mole or less (more preferably 10% by mole or less) 
based on 100% by mole of the entire random copolymer. In a block copolymer, the total content of the constituent units 

35 except an a-olefin unit is preferably 40% by mole or less (more preferably 20% by mole or less) based on 100% by 
mole of the entire block copolymer. 

[0030] The random copolymer described above can be obtained, for example, by a method similar to the method 
for the copolymeric rubber (A) described above. And the block copolymer described above can be obtained for example 
by a living polymerization using a Ziegler-Natta catalyst and the like. 

40 [0031] The crystalline polymer (C) may for example be polypropylene, propylene-ethylene copolymer, propyl- 
ene-1-butene copolymer, propylene- 1-pentene copolymer, propylene-3-methyM-butene copolymer, propylene- 1-hex- 
ene copolymer, propylene-3-methyl-1-pentene copolymer, propylene-4-methyl-1-pentene copolymer, propyl- 
ene -3^ethyl- 1-pentene copolymer, propylene- 1-octene copolymer, propylene-1-decene copolymer, propylene- 1-un- 
decene copolymer and the like. Among those listed above, polypropylene and propylene-ethylene copolymer are em- 

45 ployed preferably. Any of these polymers may be employed alone or in combination of two or more. 

[0032] The crystalline polymer (C) has a crystallinity. This crystallinity is ranging from 50 to 100% (more preferably 
53% or more, most preferably 55% or more) represented as a degree of the crystallinity determined by an X-ray dif- 
fraction measurement. 

[0033] The degree of crystallinity of the crystalline polymer (C) described above is related closely to the density, and 
50 the density of an a-type crystal (monoclinic system) for example of a polypropylene is 0.936 g/cm 3 , and those of a 
smetic microcrystal (pseudo-hexagonal system) and an amorphous (atactic) component are 0.886 g/cm 3 and 0.850 
g/cm 3 , respectively. The density of an isotactic crystal of a poIy-1-butene is 0.91 g/cm 3 , while the density of an amor- 
phous (atactic) component is 0.87 g/cm 3 . Accordingly, in order to obtain a crystalline polymer (C) whose degree of 
crystallinity is 50% or more, then the density is controlled preferably exceeding 0.89 g/cm 3 but not more than 0.94 g/ 
55 cm 3 (more preferably 0.90 g/cm or more and not more than 0.94 g/cm 3 ). The degree of crystallinity less than 50% and 
a density less than 0.89 g/cm 3 may lead to a reduction in the heat resistance, the strength and the like. 
[0034] The maximal peak temperature of the crystalline polymer (C) described above determined by a differential 
scanning calorimeter, i.e., the melting point (hereinafter abbreviated as Tm) is preferably 100°C or more (more pref- 
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erabiy 120 o Oor more). The Tm less than 100°C may lead to a difficulty in exerting sufficient heat resistance and 
mechanical strength. The melt flow rate (hereinafter abbreviated as MFR) at 230° C under a load of 2.16 kg is preferably 
0.1 to 100 g/10 minutes (more preferably 0.5 to 80 g/10 minutes). The MFR less than 0.1 g/10 minutes may result in 
an elastomer composition whose properties such as the kneading processability and the extrusion processability are 

5 not satisfactory. On the other hand, the MFR exceeding 100 g/10 minutes may lead to a reduction in the mechanical 
strength. While the Tm may vary depending on the constituent monomers, it is preferably 12(^0 or more. 
[0035] Accordingly, as the crystalline polymer (C) described above, a polypropylene and/or propylene-ethylene co- 
polymer whose degree of crystallinity is 50% or more, whose density is exceeding 0.89 g/cm 3 but not higher than 0.94 
g/cm 3 , whose ethylene unit content is 40% by mole or less, whose Tm is 100°C or more, and whose MFR is 0.1 to 

10 100 g/10 minutes are particularly preferred. 

[0036] M a-olefinic amorphous polymer" (hereinafter referred to simply as "amorphous polymer (D)") described above 
has an a-olefin as its main component. That is the amorphous polymer (D) contains preferably 50% by mole or more, 
more preferably 60% by mole or more based on 100% by mole of the entire amorphous polymer (D). The content of 
50% by mole may leads to an undesirably poor injection fusibility of a thermoplastic elastomer composition. 

15 [0037] An a-olefin constituting the amorphous polymer (D) described above is preferably an a-olefin having 3 or 
more carbon atoms, more preferably an a-olefin having 3 to 12 carbon atoms, similarly to the copolymers rubber (A) 
described above. 

[0038] The amorphous polymer (D) may be either of a homopolymer of an a-olefin or a copolymer of two or more 
a-olefins, or a copolymer with a monomer which is not an a-olefin. A mixture of two or more of these polymers and/or 

20 copolymer may also be employed. 

[0039] When the amorphous polymer (D) is a copolymer, the copolymer may be either of a random copolymer or a 
block copolymer. Nevertheless, an a-olefin unit which is a main component in a block copolymer (propylene and 
1-butene in the case of the copolymer described above) should be bound in an atactic structure. And when the amor- 
phous copolymer (D) described above is a copolymer with an a-olefin having 3 or more carbon atoms and ethylene, 

25 then the a-olefin content preferably 50% by mole or more (more preferably 60 to 100% by mole) based on 100% by 
mole of the entire copolymer. 

[0040] The amorphous polymer (D) described above may for example be a homopolymer such as an atactic poly- 
propylene and an atactic poly-1-butene as well as a copolymer of propylene (present in an amount of 50% by mole or 
more) with another a-olefin (ethylene, 1-butane, 1-pentene, 1-hexane, 4-methyl-1-pentane, 1-octene, 1-decene and 

30 the like) or a copolymer of 1-butene (present in an amount of 50% by mole or more) with another a-olefin (ethylene, 
propylene, 1-pentene, 1-hexane, 4-methyl-1-pentene, 1 -octane, 1-decene and the like). Among those listed above, 
the atactic polypropylene (propylene content of 50% by mole or more), a copolymer of propylene (in an amount of 50% 
by mole or more) with ethylene and a copolymer of propylene with 1-butene are particularly preferred. Any of these 
polymers may be employed alone or in combination of two or more. 

35 [0041] The atactic polypropylene described above can be obtained as a by-product of a polypropylene employed as 
the crystalline polymer (C) described above. It is also possible to obtain the atactic polypropylene described above 
and the atactic poly-1-butene described above by means of a polymerization employing a zirconocene compound - 
methyl aluminoxane catalyst. The random copolymer described above can be obtained by a method similar to a method 
for the copolymeric rubber (A) described above. The block copolymer described above can be obtained for example 

40 by a living polymerization using a Ziegler-Natta catalyst. 

[0042] The degree of crystallinity of the non-crystal polymer (D) described above determined by an X-ray diffraction 
measurement is 0% or more but 50% or less, preferably 30% or less, more preferably 20% or less. This degree of 
crystallinity is related closely to the density as described above, and a preferred density is 0.85 g/cm 3 or more and not 
more than 0.89 g/cm 3 (more preferably 0.85 g/cm 3 or more and not more than 0.88 g/cm 3 ). 

45 [0043] The number-average molecular weight (hereinafter abbreviated as Mn) of the amorphous polymer (D) de- 
scribed above is preferably 1,000 to 20,000 (more preferably 1,500 to 15,000). The molecular weight less than 1,000 
leads to a poor heat resistance of a molded article made using the thermoplastic elastomer composition of the invention, 
while the molecular weight exceeding 20,000 leads to undesirably poor fluidity and heat fusibility of a thermoplastic 
elastomer composition of the invention. 

50 [0044] The melt viscosity at 190°C of the amorphous polymer (D) described above is preferably 50,000 cPs or less, 
more preferably 100 to 30,000 cPs, and most preferably 200 to 20,000 cPs. The melt viscosity exceeding 50,000 cPs 
leads to a reduction in the strength of adhesion to an article to be bonded. The strength of adhesion to an article to be 
bonded is, however, reduced even with a melt viscosity exceeding 50,000 cPs, when the degree of crystallinity is 
exceeding 50 % and when the density exceeds 0.89 g/cm 3 . 

55 [0045] The thermoplastic elastomer composition of the invention contains the copolymeric rubber (A), the mineral 
oil-based softener (B), the crystalline polymer (C), and the amorphous polymer (D). The content of the copolymeric 
rubber (A) is in an amount of 20 to 65% by mass (more preferably 25 to 60 % by mass, most preferably 30 to 60% by 
mass), the content of the mineral oil-based softener (B) is in an amount of 35 to 78% by mass (more preferably 37 to 
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75% by mass, most preferably 40 to 60% by mass), the crystalline polymer (C) is in an amount of 1 to 12% by mass 
(more preferably 2 to 10% by mass, most preferably 2 to 8% by mass) and the amorphous polymer (D) is in an amount 
of 1 to 12% by mass (more preferably 1 to 10% by mass, most preferably 2 to 8% by mass) based on 100% by mass 
of the total of these components. It is also preferable that the copolymers rubber (A) and the mineral oil-based softener 
(B) are contained in a total amount of 80 to 95% by mass (more preferably 83 to 95% by mass). 
[0046] The amount of the copolymers rubber (A) described above less than 20% by mass leads to a reduction in 
the flexibility of a thermoplastic elastomer composition obtained. On the other hand, the amount of the copolymers 
rubber (A) described above exceeding 65% by mass is not preferable since it may lead to a reduction in the heat 
resistance and the strength of a molded article formed by an injection fusion and may affect the thermoplastic perform- 
ance adversely. The amount of the mineral oil-based softener (B) described above less than 35% by mass leads to a 
reduction of the fluid ity of a thermoplastic elastomer composition obtai ned . On the other hand , the amount of the mineral 
oil-based softener (B) described above exceeding 78% by mass leads to a poor dispersion upon kneading with the 
crystalline polymer (C) and the amorphous polymer (D) described above. 

[0047] The amount of the crystalline polymer (C) described above less than 1 % by mass leads to a reduction in the 
strength and the heat resistance of a thermoplastic elastomer composition obtained. On the other hand, the amount 
of the crystalline polymer (C) described above exceeding 12% by mass leads to an undesirable reduction in the flexibility 
of a resultant thermoplastic elastomer composition. The amount of the amorphous polymer (D) described above less 
than 1 % by mass leads to a reduction in the adhesiveness upon injection fusing. On the other hand, the amount of the 
amorphous polymer (D) described above exceeding 12% by mass leads to a reduction in the strength of a molded 
article by an injection fusion and an excessive adhesiveness of thus obtained thermoplastic elastomer composition, 
resulting in a poor dispersion upon kneading with the copolymers rubber (A) and the mineral oil-based softener (B). 
[0048] Also in the thermoplastic elastomer composition of the invention, at least a part of a mixture containing com- 
ponents (A) to (D) described above is crosslinked. A crosslinking agent employed here is not particularly limited. The 
crosslinking agent may be the one capable of crosslinking at least one of the copolymers rubber (A), the crystalline 
polymer (C) and the amorphous polymer (D) described above, or capable of crosslinking any one with the other by a 
dynamic crosslinking at a temperature higher than the melting point of the amorphous polymer (D). 
[0049] The crosslinking agent may for example be an organic peroxide, a phenolic crosslinking agent, a sulfur, a 
sulfur compound, p-quinone, a p-quinone dioxime derivative, a bismaleimide compound, an epoxy compound, a silane 
compound, an amino resin and the like, with an organic peroxide and a phenolic crosslinking agent being preferred. 
[0050] Among the crosslinking agents listed above, the organic peroxide may for example be 1,3-bis(t-butylperox- 
yisopropyl)benzene, 2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane, a,a'-bis(t- 
butylperoxy)diisopropylbenzene, dicumyl peroxide, di-t-butyl peroxide, t-butyl peroxide, t-butylcumyl peroxide, p-men- 
thane hydroperoxide, 1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane, dilauroyl peroxide, diacetyl peroxide, t-butyl 
peroxybenzoate, 2,4-dichlorobenzoyl peroxide, p-chlorobenzoyl peroxide, benzoyl peroxide, di(t-butylperoxy) perben- 
zoate, n-butyl-4,4-bis(t-butylperoxy) valerate, t-butylperoxyisopropyl carbonate and the like. It is preferable to employ 
those listed above, especially 1,3-bis(t-butylperoxyisopropyl)benzene, 2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3, 
2,5-dimethyl-2,5-di(t-butylperoxy)hexane f a,a'-bis(t-butylperoxy)diisopropylbenzene and the like, any of which has a 
relatively high decomposition temperature. Any of these organic peroxides may be employed alone or in combination 
of two or more. 

[0051] Also in the case the above-mentioned organic peroxide is employed, a crosslinking aid may concomitantly 
be employed to perform a crosslinking reaction gently, whereby forming an especially uniform crosslink. The crosslink- 
ing aid may for example be a sulfur or a sulfur compound (powdered sulfur, colloidal sulfur, precipitated sulfur, insoluble 
sulfur, surface-treated sulfur, dipentamethylene thiuram tetrasulfide and the like), an oxime compound (p-quinone ox- 
ime, p,p'-dibenzoylquinone oxime and the like), a polyfunctional monomer (ethylene glycol di(meth)acrylate, diethylene 
glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, tetraethylene glycol di(meth)acrylate, polyethylene glycol 
di(meth)acrylate, trimethylol propane tri(meth)acrylate, diallyl phthalate, tetraallyl oxiethane, triallyl cyanurate, N,N -m- 
phenylene bismaleimide, N,N'-toluylene bismaleimide, maleic anhydride, divinylbenzene, zinc di(meth)acrylate and 
the like. Among those listed above, p.p'-dibenzoylquinone oxime, N,N'-m-phenyIene bismaleimide and divinylbenzene 
are employed preferably. Any of these crosslinking aids may be employed in combination of two or more. Among the 
crosslinking aid, N.N-m-phenylene bismaleimide can be employed also as the crosslinking agent since it has a 
crosslinking effect. 

[0052] When the organic peroxide described above is employed, the amount to be incorporated is 0.05 to 1.5% by 
mass (more preferably 0.1 to 1.0% by mass) based on 100% by mass of the total of the copolymers rubber (A), the 
crystalline polymer (C) and the amorphous polymer (D) described above. If the amount of the organic peroxide de- 
scribed above is less than 0.05% by mass, the adhesiveness by an injection fusion and the elastic recovery of a molded 
article formed by the injection fusion tend to become insufficient. On the other hand, the amount exceeding 1.5% by 
mass may result in a thermoplastic elastomer composition whose processability including the extrusion processability, 
the kneading processability and the like, are deteriorated. 
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[0053] The amount of the crosslinking aid to be incorporated is preferably 4% by mass or less (more preferably 0.2 
to 3% by mass) based on 100% by mass of the total of the copolymeric rubber (A), the crystalline polymer (C), and 
the amorphous polymer (D) described above. The amount of the crosslinking aid exceeding 4% by mass results in an 
excessive crosslinking degree, which may lead to a reduction in the adhesiveness upon injection fusing. 
5 [0054] Among the crosslinking agents listed above, the phenolic crosslinking agent may for example be a p-substi- 
tuted phenolic compound, o-substituted phenol-aldehyde condensation product, m-substituted phenol-aldehyde con- 
densation product, a brominated alkylphenol-aldehyde condensation product and the like represented by Formula (1): 



20 wherein n is an integer of 0 to 10, X is a hydroxyl group, a halogenated alkyl group or a halogen atom, and R is a 
saturated hydrocarbon group having 1 to 15 carbon atoms. Among these, the p-substituted phenolic compound is 
preferred particularly. 

[0055] Such p-substituted phenolic compound can be obtained by means of a condensation reaction between a p- 
substituted phenol and an aldehyde in the presence of an alkaline catalyst. 

25 [0056] In the case of the phenolic crosslinking agent described above is employed, the amount to be incorporated 
is preferably 0.2 to 10% by mass (more preferably 0.5 to 5% by mass) based on 100% by mass of the copolymeric 
rubber (A). The amount of the phenolic crosslinking agent less than 0.2% by mass leads to a reduced adhesiveness 
upon injection fusing and a reduced elastic recovery of a molded part obtained by an injection fusion. On the other 
hand, the amount exceeding 10% by mass leads to a reduction in the extrusion processability and the injection proc- 

30 essability of an elastomer composition. 

[0057] While the phenolic crosslinking agents may be employed alone, it may be used in combination with a crosslink- 
ing promoter for modulating the crosslinking rate. Such crosslinking promoter may for example be a metal halide (stan- 
nous chloride, ferric chloride and the like), an organic halide (chlorinated polypropylene, brominated butyl rubber, chlo- 
roprene rubber and the like) and the like. 

35 [0058] It is further preferable to use a metal oxide such as zinc oxide, a stearic acid, and the like as a dispersant in 
addition to the crosslinking promoter. 

[0059] The thermoplastic elastomer composition of the invention may properly contain additives, such as reinforcing 
agents (carbon black, silica and the like), fillers (clay, talc, calcium carbonate and the like), processing aids, colorants, 
antioxidants, UV absorbers, anti-aging agents, heat stabilizers, lubricants, releasing agents, flame retardants, foaming 
40 agents, antistatic agents, antifungal agents and the like. In addition to the copolymeric rubber (A), the mineral oil-based 
softener (B), the crystalline polymer (C) and the amorphous polymer (D) described above, other components such as 
natural rubbers, polyisoprene rubber, polybutadiene rubber, styrene butadiene rubber, acrylonitrile butadiene rubber, 
butyl rubbers and acryl rubbers may also be contained. 

[0060] Another type of the thermoplastic elastomer composition of the invention is characterized in that it is com- 
45 prising a oil-extended rubber (A') composed of a mineral oil-based softener (a1) in an amount of 30% by mass or more 
and an ethylene-a-olefinic copolymeric rubber (a2) whose intrinsic viscosity fa] determined at 135°C in decalin solvent 
is 3.5 to 6.8 dl/g based on 100% by mass of the (a1) and (a2), a post-blend mineral oil-based softener (B 1 ), an cc-olefinic 
crystalline polymer (C) whose degree of crystallinity is 50% or higher and an cc-olefinic amorphous polymer (D) whose 
melt viscosity at 190°C is 50,000 cPs or less and whose degree of crystallinity is less than 50%, and that at least a 
50 part of a mixture containing 30 to 98 % by mass of the (A 1 ), 0 to 50% by mass of the (B 1 ), 1 to 1 2% by mass of the (C) 
and 1 to 12% by mass of the (D), based on 100% of the total of the (A 1 ), (B 1 ), (C) and (D), is crosslinked. 
[0061] The "oil-extended rubber" described above (hereinafter sometimes referred to simply as "oil extended rubber 
(A') n ) comprises the mineral oil-based softener (a1) and the ethylene-a-olefinic copolymeric rubber (a2) (hereinafter 
sometimes referred to simply as "copolymeric rubber (a2)"). 
55 [0062] The "mineral oil-based softener (a1)" described above has previously been contained in the oil-extended 
rubber (A*) described above. The mineral oil-based softener (a1) may for example be one exemplified as the mineral 
oil-based softener (B) described above. The mineral oil-based rubber (A 1 ) described above contains 30% by mass or 
more, preferably 35 to 80% by mass or more, most preferably 35 to 70% by mass of the mineral oil-based softener 
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(a 1), described above. The amount of the mineral oil-based softener (a1) less than 30% by mass leads to a difficulty 
in obtaining sufficient processability and flexibility of the oil-extended rubber upon producing a thermoplastic elastomer 
composition. 

[0063] An example of the copolymeric rubber (a2) and a reason why it is preferred are similar to the description made 
5 above with regard to the copolymeric rubber (A). 

[0064] The post-blend mineral oil-based softener (B') described above may be one exemplified as the mineral oil- 
based softener (B) described above, and it may be similar to the mineral oil-based softener (a1) described above and 
a different one from the mineral oil-based softener (a1). In the invention this post-blend mineral oil-based softener (B 1 ) 
may not be contained. 

10 [0065] The "a-olefinic crystalline polymer" described above (hereinafter referred to simply as "crystalline polymer 
(C)") is similar to the a-olefinic crystalline polymer (C) in the first aspect of the invention herein described. The "amor- 
phous polymer (D)" described above (hereinafter referred to simply as "amorphous polymer (D)") is also similar to the 
amorphous polymer (D) in the first aspect of the invention herein described. The content of the oil-extended rubber 
(A') is in an amount of 30 to 97% by mass (more preferably 50 to 95% by mass, most preferably 60 to 95% by mass), 

15 the content of the post-blend mineral oil-based softener (B') is in an amount of 0 to 50% by mass (more preferably 0 
to 40% by mass, most preferably 10 to 35% by mass), the crystalline polymer (C) is in an amount of 1 to 12% by mass 
(more preferably 2 to 9% by mass, most preferably 2 to 8% by mass) and the amorphous polymer (D) is in an amount 
of 1 to 12% by mass (more preferably 2 to 9% by mass, most preferably 2 to 8% by mass) based on 100% by mass 
of the total of these components. 

20 [0066] The amount of the oil-extended rubber (A') described above less than 30% by mass leads to a reduction in 
the flexibility of a thermoplastic elastomer composition obtained. On the other hand, the amount of the oil-extended 
rubber (A 1 ) described above exceeding 98% by mass is not preferably since it may lead to a reduction in the heat 
resistance and the strength of a molded article formed by an injection fusion and may affect the thermoplastic perform- 
ance adversely. The amount of the post-blend mineral oil-based softener (B') described above exceeding 50% by mass 

25 leads to a poor dispersion upon kneading with the crystalline polymer (C) and the amorphous polymer (D) described 
above. 

[0067] The amount of the crystalline polymer (C) described above less than 1 % by mass leads to a reduction in the 
strength and the heat resistance of a thermoplastic elastomer composition obtained. On the other hand, the amount 
of the crystalline polymer (C) described above exceeding 1 2% by mass leads to an undesirable reduction in the flexibility 

30 of a resultant thermoplastic elastomer composition. The amount of the amorphous polymer (D) described above less 
than 1% by mass leads to a reduction in the adhesiveness upon injection fusing. On the other hand, the amount of the 
amorphous polymer (D) described above exceeding 12% by mass leads to a reduction in the strength of a molded 
article by an injection fusion and an excessive adhesiveness of a resultant thermoplastic elastomer composition, re- 
sulting in a poor dispersion upon kneading with the oil-extended rubber (A') and the post-blend mineral oil-based 

35 softener (B'). 

[0068] Also in the thermoplastic elastomer composition of the invention, at least a part of a mixture containing Com- 
ponents (A') to (D) described above is crosslinked. A crosslinking agent employed here may be the one exemplified 
in the invention herein described. When an organic peroxide is employed as the crosslinking agent, it may be used in 
combination with the crosslinking aid exemplified in the invention described above, whereby forming an especially 
to uniform crosslink. 

[0069] The thermoplastic elastomer composiiton of the invention may contain the additives exemplified in the first 
aspect of the invention described above such as reinforcing agents or the like. 

[0070] While a thermoplastic elastomer composition can be obtained by any method, a thermoplastic elastomer 
composition having excellent characteristics described above can reliably be obtained by adding a crosslinking agent, 

45 a crosslinking aid, and the like to a mixture containing certain amounts of the copolymeric rubber (A), the mineral oil- 
based softener (B), the crystalline polymer (C) and the amorphous polymer (D) followed by dynamic crosslinking. The 
mineral oil-based softener may be present in a condition (a1) as being contained in the oil-extended rubber (A 1 ), while 
it may also be employed as the post-blend mineral oil-based softener (B ? ), as well as in other mixed conditions. 
[0071] The dynamic crosslinking described above means to give both of a shear force and a heat. This dynamic 

so crosslinking may be accomplished for example by using melting and kneading devices. Among such devices, a device 
by which a kneading can be conducted may for example be an open mixing roll, a Banbury mixer, a kneader, a con- 
tinuous extruder; a single screw extruder, an isotropically-rotating continuous twin screw extruder, an anisotropically- 
rotating continuous twin screw extruder and the like. Among those listed above, a single screw extruder and/or a twin 
screw extruder are preferred in view of cost, process efficiency and the like. The kneading step may be a batch process 

55 or a continuous process. 

[0072] Accordingly, in the case the total of © certain amounts of the copolymeric rubber (A), the mineral oil-based 
softener (B), the crystalline polymer (C) and the amorphous polymer (D), and @ certain amounts of the oil-extended 
rubber (A'), the post-blend mineral oil-based softener (B'), the crystalline polymer (C) and the amorphous polymer (D) 
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are 100% by mass, respectively, 80 to 98% by mass of the total of the (A) and the (B), or the total of the (A*) and the 
(B 1 ), 1 to 10% by mass of the crystalline polymer (C), and 1 to 10% by mass of the amorphous polymer (D) are Incor- 
porated and a primary mixture together with optional additives such as an anti-aging agent or the like, is charged in a 
batch closed kneader to accomplish a kneading step to obtain a secondary mixture, which is combined with a crosslink- 
5 ing agent to form a tertiary mixture, which is charged in a twin screw extruder, where a shear exothermic dynamic 
crosslinking is effected, whereby obtaining an inventive composition. 

[0073] In the case the total of ® certain amounts of the copolymeric rubber (A), the mineral oil-based softener (B), 
the crystalline polymer (C) and the amorphous polymer (D), and @ certain amounts of the oil-extended rubber (A 1 ), 
the post-blend mineral oil-based softener (B') f the crystalline polymer (C) and the amorphous polymer (D) are 100% 
10 by mass, respectively, 80 to 98% by mass of the total of the (A) and the (B), or the total of the (A*) and the (B'), 1 to 
10% by mass of the crystalline polymer (C), and 1 to 10% by mass of the amorphous polymer (D) are incorporated 
and a mixture with a crosslinking agent is charged in a twin screw extruder, where a shear exothermic dynamic crosslink- 
ing is effected, whereby obtaining an inventive composition. 

[0074] While a condition under which a dynamic crosslinking according to the invention can be conducted may vary 
15 depending on the melting point of the crystalline polymer (C), the type of the crosslinking agent, the mode of the 
kneading and the like, the treatment temperature is preferably 120 to 350°C (more preferably 150 to 290°C), and the 
treatment time period is 20 seconds to 20 minutes (more preferably 30 seconds to 15 minutes). A shear force to be 
given is 10 to 2000/sec as a shear rate (more preferably 100 to 1000/sec). 

20 PREFERRED EMBODIMENTS OF THE INVENTION 

[1] Preparation of thermoplastic elastomer composition 

[0075] The following a copolymeric rubber (A) or an oil-extended rubber (A 1 ), a mineral oil-based softener (B) or a 
25 post-blend mineral oil-based softener (B 1 ), a crystalline polymer (C), a amorphous polymer (D) and other additives in 
amounts shown in Table 1 were mixed to obtain a mixture. This mixture was charged into a pressurizing kneader 
(capacity:10 L, Moriyama Co., Ltd.) which had previously been heated at 150°C and kneaded at 40 rpm for 15 minutes 
until the crystalline polymer (C) was melted and each component was dispersed uniformly. The molten composition 
thus obtained was subjected to a FEEDERRUDER (Moriyama Co., Ltd.), where the composition was pelletized. The 
30 resultant pellet was supplemented with the following crosslinking agent in an amount shown in Table 1, mixed by a 
Henschel mixer (Mitsui-Mining Co., Ltd.) for 30 seconds, and then fed to a twin screw extruder (intermeshing co-rotating 
screw, ratio of screw flight length L and screw diameter D (LVD) =33.5, Ikegai Corp., Model PCM-45) where the mixture 
was subjected to a dynamic crosslinking at 200°C and 300 rpm over a residential time of 2 minutes and extruded as 
a pelletized thermoplastic elastomer composition of any of 13 types (5 Examples and 8 Comparatives). 
35 [0076] The followings are employed as copolymeric rubbers (A) and oil-extended rubbers (A 1 ). 

Rubber 1 (oil-extended): Ethylene*propylene*5-ethylidene-2-norbornene terpolymer (ethylene content:66% by 
mass, propylene content: 29.5% by mass, 5-ethylidene-2-norbornene content: 4.5% by mass, intrinsic viscosity: 

4.7) content: 50% by mass, and Mineral oil-based softener (Idemitsu Kosan Co., Ltd. trade name: PW-380) content: 
io 50% by mass 

Rubber 2 (oil-extended): Ethylene propylene-5-ethylidene-2-norbomene terpolymer (ethylene content: 66% by 
mass, propylene content: 29.5% by mass, 5-ethylidene-2-norbornene content: 4.5% by mass, intrinsic viscosity: 

3.8) content: 60% by mass, and Mineral oil-based softener (Idemitsu Kosan Co., Ltd. trade name: PW-380) content: 
40% by mass 

45 Rubber 3 (oil-extended): EthylenepropyIene-5-ethylidene-2-norbornene terpolymer (ethylene content:66% by 

mass, propylene content: 29.5% by mass, 5-ethylidene-2-norbornene content: 4.5% by mass, intrinsic viscosity: 
2.8) content: 80% by mass, and Mineral oil-based softener (Idemitsu Kosan Co, Ltd., trade name "PW-380") con- 
tent: 20% by mass 

Rubber 4: Ethylene-propylene-5-ethylidene-2-norbomene terpolymer (ethylene content: 66% by mass, propylene 
50 content: 29.5% by mass, 5-ethylidene-2-norbornene content: 4.5% by mass, intrinsic viscosity:2.2) 

[0077] As the mineral oil-based softener (B) orthe post-blend mineral oil-based softener (B'), "PW-380" manufactured 
by Idemitsu Kosan Co., Ltd. was employed. The followings are employed as the crystalline polymer (C) and the amor- 
phous polymer (D). 

55 

Crystalline polymer (C): Proplene ethylene random copolymer 

[0078] Density: 0.90 g/cm 3 , MFR (230°C under 2.16kg): 23 g/10 min, NIPPON POLYCHEM CO., LTD., trade name 
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"FL25R n Amorphous polymer (D): Propylene- 1-butene amorphous copolymer 

[0079] Propylene content: 71% by mole, Melt viscosity: 8000 CPs (190°C), density: 0.87 g/cm 3 , Mn 6,500, Ube In- 
dustries Ltd., trade name "UBETAC APAO UT 2780" 

[0080] The followings are employed as crosslinking agents. Crosslinking agent 1 : 2,5-Dimethyl-2,5-di(t-butylperoxy) 
hexane, NOF Corp., trade name "PERHEXA 25B-40" Crosslinking agent 2: Divinylbenzene, purity:56%, manufactured 
by Sankyo Kasei Co., Ltd. 

[0081] Also as another additive, the following anti-aging agent was employed. 
Anti-aging agent: Chiba specialty Chemicals Co., Ltd., "IRGANOX 1010° 
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[2] Preparation of test piece of molded article made using thermoplastic elastomer composition 

[0082] The thermoplastic elastomer composition obtained in Section [1] was subjected to an injection molding ma- 
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chir^ (JSW Go., Ltd., model N-100) where a test piece of 120 x 120 x 2 mm of any of 13 types (5 Examples and 8 
Comparatives) was injection-molded. 

[3] Preparation of substrate article from olefinic vulcanized rubber 

5 

[0083] 100 Parts by mass of ethyIene-propylene-5-ethylidene-2-norbornene terpolymer (JSR Corp., trade name "EP 
103A") was combined with 145 parts by mass of a carbon black (Tokai Carbon Co., Ltd., trade name: "SEAST 116"), 
85 parts by mass of a paraffin-based process oil (Idemitsu Kosan Co., Ltd., trade name: "PW380"), 5 parts by mass 
of an activated zinc oxide (Sakai Chemical Industry Co., Ltd.), 1 part by mass of stearic acid (Kao Corp., trade name: 
10 "LUNAC S"), 1 part by mass of a processing aid (Hitachi Chemical Co., Ltd., trade name: "HITANOL 1501"), 2 parts 
by mass of a releasing agent (SIL AND SEIHARER, trade name: "STRUCTOL WB212") and 1 part by mass of a 
plasticizer (polyethylene glycol) to obtain a mixture. 

[0084] This mixture was kneaded using a 3-L Banbury mixer (Kobe Steel, Ltd.) at 50°C and 70 rpm over a kneading 
period of 2.5 minutes. Then, 10 parts by mass of a dehydrating agent (Inoue Sekkai Kogyo, trade name: "BESTA PP"), 

15 a vulcanizing aid (Ouchishinko Chemical Industrial Co., Ltd., trade name "NOCCELER M" in 1 part by mass, trade 
name "NOCCELER PX" in 1 part by mass, trade name "NOCCELER TT" in 0.5 part by mass, trade name "NOCCELER 
D" in 1 part by mass) and 2.2 parts by mass of a sulfur were added and the mixture was kneaded using a 6-inch open 
roll (Kansai Roll Corp.) at 50°C. Subsequently, the mixture was vulcanized at 170°C for 10 minutes to obtain a 120 
mm-square 2-mm thick vulcanized rubber sheet. This sheet was cut using a dumb-bell cutter (Dumb-bell Corp.) into 

20 a 60 mm-long 50 mm-wide piece to obtain a substrate article. 

[4] Preparation of test piece injection-fused with thermoplastic elastomer composition 

[0085] The inner wall of the mold cavity of an injection molding machine (JSW Co., Ltd., model N-100) was lined 
25 with a substrate article (120 x 120 x 2 mm test piece having a 60x 50 x 2 mm void) obtained in Section [3], into which 
each thermoplastic elastomer obtained in Section [1] was injected so that it was accommodated in the void described 
above, whereby obtaining a plate (120 x 100 x 2 mm) of an olefinic vulcanized rubber (substrate article) fused with the 
thermoplastic elastomer of any of 13 types (5 Examples and 8 Comparatives). 

30 [5] Evaluation of thermoplastic elastomer compositions 

(1) Evaluation of non-crosslinked material 

[0086] The fluidity of the thermoplastic elastomer composition obtained in Section [1] was determined as a melt flow 
35 rate at 230°C under a load of 10 kg, and is shown in Table 1. 

(2) Evaluation of crosslinked molded article 

[0087] A molded article made using the thermoplastic elastomer composition obtained in Section [2] was examined 
<o for its hardness, compression set, tensile strength at break, tensile elongation at break and texture by the following 
method, and the results are shown in Table 1. 

(i) Hardness: A JIS-A hardness was determined in accordance with JIS-K6253. 

(ii) Compression set: A measurement was in accordance with JIS-K6262 under the condition involving 70°C, 22 
45 hours and 25 % compression. 

(iii) Tensile strength at break and tensile elongation at break: A measurement was in accordance with JIS-K6251. 

(iv) Texture: The rubbery texture was evaluated by touching, in Table 1 , the symbols© , O, A and x are indicated 
based on the following evaluation criteria. 

50 © : Texture extremely close to vulcanized rubber 

Q Vulcanized rubber-mimicking but slightly resin-like texture 
A: Resin-like but slightly vulcanized rubber-mimicking texture 
x: Resin-like texture 

55 [6] Evaluation of injection fusibility of thermoplastic elastomer composiiton 



[0088] A test piece fused with the thermoplastic elastomer composition obtained in Section[4] was folded by an angle 
of 180° at the position where the thermoplastic elastomer composition and the substrate article was bonded, and the 
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way, how they are peeled apart was observed visually and the results are included in Table 1. 
[0089] In Table 1, the symbols O, A and x are indicated based on the following evaluation criteria. 

O. No peeling off 
5 A: Partial peeling off 

x: Peeling off and break 

Results 

10 [0090] According to the results shown in Table 1, each of the inventive thermoplastic elastomer compositions of 
Examples 1 to 5 was highly fluid as reflected by MFR ranging from 42 to 200 g/10 min. The hardness was as particularly 
low as 32 to 39. The compression set was also as extremely low as 28 to 33 %. The texture of each composition was 
very similar to that of a rubber, suggesting an excellent rubbery property. With regard to an injection fusibility, any of 
the inventive compositions exhibited no peeling or break, suggesting an excellent injection fusibility. 

is [0091] On the other hand, any of Comparatives 1 to 3 exhibited a poor fluidity, a high hardness and a poor rubbery 
texture because of the intrinsic viscosity of the ethylene-oc-olefinic copolymeric rubber contained in the copolymeric 
rubber (A) or the oil-extended rubber (A') as low as 2.8 dl/g. Furthermore, the folding after the injection fusion resulted 
in a peeling or a break. Comparative 4 has an extremely poor fluidity because of a small amount of the mineral oil- 
based softener added. Also with regard to the injection fusibility, a peeling and a break occurred. Each of Comparatives 

20 5 and 6 has a high hardness and a high compression set which reflect a highly resin-like nature, since it contained a 
small total amount of the copolymeric rubber (A) or the oil extended rubber (A') and a mineral oil-based softener (B) 
which was departed from the range herein specified. Each of Comparatives 7 and 8 had a poor fluidity, a high hardness 
and a poor rubbery texture since it contained no amorphous polymer (D). Furthermore with regard to the injection 
fusibility, the folding resulted in a peeling or a break. 

25 [0092] The present invention is not limited to Examples specified above and can be modified in various ways de- 
pending on purposes and applications without departing the scope of the invention. Thus, in addition to an injection 
molding, any other molding process, such as extrusion molding, blow molding, compression molding, vacuum molding, 
lamination molding, calendar molding, and the like also allows the excellent processability to be exerted. In addition, 
any secondary processing such as foaming, stretching, binding, printing, painting, plating, and the like can readily be 

30 conducted. 

INDUSTRIAL APPLICABILITY 

[0093] According to the invention, a thermoplastic elastomer composition having an excellent processability which 
35 can readily be handled with injection molding, extrusion molding, blow molding, compression molding, vacuum molding, 
lamination molding , calendar molding and the like can be obtained. It is also possible to obtain a thermoplastic elastomer 
composition having an excellent ability of being fused by an injection with a vulcanized rubber (especially with both of 
an olefinic vulcanized rubber and an olefinic non-vulcanized rubber) and an extremely rubber-like property. 
[0094] A thermoplastic elastomer composition of the invention can especially be applied to various fabricated com- 
40 posites having injection-fused parts, and can widely be employed also in automobile bumpers, exterior moldings, win- 
dow sealing, door sealing gaskets, trunk sealing gaskets, roof side rails, emblems, interior and exterior skin materials, 
weather strips, as well as sealing materials or interior and exterior skin materials for aircrafts and seacrafts, sealing 
materials, interior and exterior skin material or waterproof sheet materials for constructing and building, sealing mate- 
rials for general machines and devices, packings and housings for light electric appliances, and general fabricated 
45 products such as miscellaneous daily goods and sport goods. 



Claims 

50 1. A thermoplastic elastomer composition comprising an ethylene a-olefinic copolymeric rubber (A) whose intrinsic 
viscosity [r\] determined at 1 35°C in decalin solvent is 3.5 to 6.8 dl/g, a mineral oil-based softener (B), an ct-olefinic 
crystalline polymer (C) whose degree of crystallinity is 50% or higher and an a-olefinic amorphous polymer (D) 
whose melt viscosity at 190°C is 50,000 cPs or less and whose degree of crystallinity is less than 50%, wherein 
at least a part of a mixture containing 20 to 63% by mass of said (A), 35 to 78% by mass of said (B), 1 to 12% by 

55 mass of said (C) and 1 to 12% by mass of said (D), based on 100% by mass of the total of said (A), (B), (C) and 

(D), is crosslinked. 

2. The thermoplastic elastomer composition according to Claim 1 wherein said ethylene-cc-olefinic copolymeric rubber 
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„(A) is ah'ethylene-a-olefin binary copolymer and/or an ethylene-a-olefin-non-conjugated diene ternary copolymer. 

3. The thermoplastic elastomer composition according to Claim 1 wherein gravity of said a-olefinic crystalline polymer 

(C) is exceeding 0.89 g/cm 3 and not more than 0.94 g/cm 3 . 

4. The thermoplastic elastomer composition according to Claim 1 wherein said ct-olefinic crystalline polymer (C) is 
at least one selected from the group consisting of polypropylene, propylene -ethylene copolymer, propyl- 
ene- 1-butene copolymer, propylene- 1-pentene copolymer, propylene-3-methyl-1-butene copolymer, propyl- 
enes -hexene copolymer, propylene-3-methyl-1-pentene copolymer, propylene-4-methyl-1-pentene copolymer, 
propylene-3-ethyl-1-pentane copolymer, propylene- 1-octene copolymer, propylene- 1-decene copolymer and pro- 
pylene- 1-undecene copolymer. 

5. The thermoplastic elastomer composition according to Claim 1 wherein gravity of said cc-olefinic amorphous pol- 
ymer (D) is 0.85 g/cm 3 or more and not more than 0.89 g/cm 3 . 

6. The thermoplastic elastomer composition according to Claim 1 wherein said cc-olefinic amorphous polymer (D) is 
at least one selected from the group consisting of atactic polypropylene, poly-1 -butane, copolymer of propylene 
in an amount of 50% by mole or more with ethylene, 1-butene, 1-pentene, 1-hexane, 4-methyM-pentene, 1-octene 
or 1 -decene, and copolymer of 1 -butene in an amount of 50% by mole or more with ethylene, propylene, 1 -pentene, 
1-hexene, 4-methyl-1 -pentene, 1-octene or 1-decene (except propylene in an amount of 50% by mole). 

7. A thermoplastic elastomer composition comprising a oil-extended rubber (A 1 ) composed of a mineral oil-based 
softener (a1) in an amount of 30% by mass or more and an ethylene-a-olefinic copolymeric rubber (a2) whose 
intrinsic viscosity [r|] determined at 135°C in decalin solvent is 3.5 to 6.8 dl/g based on 100% by mass of said (a1) 
and (a2), a post-blend mineral oil-based softener (B*), an a-olefinic crystalline polymer (C). whose degree of crys- 
tallinity is 50% or higher and an a-olefinic amorphous polymer (D) whose melt viscosity at 190°C is 50,000 cPs or 
less and whose degree of crystallinity is less than 50%, wherein at least a part of a mixture containing 30 to 98 % 
by mass of said (A*), 0 to 50% by mass of said (B'), 1 to 12% by mass of said (C) and 1 to 12% by mass of said 

(D) , based on 100% of the total of said (A 1 ), (B*), (C) and (D), is crosslinked. 

8. The thermoplastic elastomer composition according to Claim 7 wherein said ethylene-a-olefinic copolymeric rubber 
(a2) is an ethylene-a-olefin binary copolymer and/or an ethylenea-olefin -non-conjugated diene ternary copolymer. 

9. The thermoplastic elastomer composition according to Claim 7 wherein gravity of said a-olefinic crystalline polymer 
(C) is exceeding 0.89 g/cm 3 and not more than 0.94 g/cm 3 . 

10. The thermoplastic elastomer composition according to Claim 7 wherein said a-olefinic crystalline polymer (C) is 
at least one selected from the group consisting of polypropylene, propylene-ethylene copolymer, propyl- 
ene* 1-butene copolymer, propylene- 1-pentene copolymer, propylene-3-methyl-1 -butene copolymer, propyl- 
ene-1-hexene copolymer, propylene-3-methyl- 1-pentene copolymer, propylene-4-methyM -pentene copolymer, 
propylene-3-ethyl-1 -pentene copolymer, propylene- 1-octene copolymer, propylene- 1-decene copolymer and pro- 
pylene- 1-undecene copolymer. 

11. The thermoplastic elastomer composition according to Claim 7 wherein gravity of said a-olefinic amorphous pol- 
ymer (D) is 0.85 g/cm 3 or more and not more than 0.89 g/cm 3 . 

12. The thermoplastic elastomer composition according to Claim 7 wherein said a-olefinic amorphous polymer (D) is 
at least one selected from the group consisting of atactic polypropylene, atactic poly-1 -butene, copolymer of pro- 
pylene in an amount of 50% by mole or more with ethylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1 -pentene, 
1-octene or 1-decene, and copolymer of 1-butene in an amount of 50% by mole or more with ethylene, propylene, 
1-pentane, 1-hexene, 4-methyl-1-pentane, 1-octene or 1-decene (except propylene in an amount of 50% by mole) . 
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